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Abstract
Despite a growing body of research linking bioenergy cultivation to changing patterns of biodiversity, there has
been remarkably little interest in how bioenergy plantations affect key ecosystem processes underpinning important ecosystem services. In this study, we compare how the processes of predation by ground arthropods and litter decomposition varied between Short Rotation Coppice (SRC) willow bioenergy plantations and alternative
land-uses: arable and set-aside (agricultural land taken out of production). We deployed litter bags to measure
variation in decomposition, and a prey removal assay coupled with pitfall traps and direct searches to investigate variation in predation pressure. Decomposition rate was higher in willow SRC and set-aside than in cereal
crops. Willow SRC had the highest abundance and diversity of ground-dwelling arthropod predators, but landuse had no detectable influence on predation of fly pupae or the combined activity-density of the two principal
Coleoptera families (carabids and staphylinids). Overall, our study demonstrates that the conversion of arable
land to SRC may have implications for the rate of some, but not all, ecosystem processes, and highlights the
need for further research in this area.
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Introduction
The increased cultivation of biomass for biofuels (transport fuels) and bioenergy (heat and power) has provoked much debate about ecological consequences
(Dauber et al., 2010; Fargione et al., 2010; Fletcher et al.,
2011). Many studies point to an inevitable loss of biodiversity, where the biofuel either replaces or threatens
natural habitats (Danielsen et al., 2009; Fayle et al.,
2010), or where the crop is an annual species such as
maize or soybean (Meehan et al., 2010; Fletcher et al.,
2011). In many parts of the northern hemisphere, however, a small, but growing proportion of biomass crops
consist of tree species or perennial grasses planted into
existing areas of intensively farmed arable land (Dauber et al., 2010; Don et al., 2012; ). Often referred to as
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bioenergy crops (BECs) or second generation crops,
their main uses are currently for the production of heat
and power. As biofuel production technology develops,
it is expected that they will also be used to produce
liquid transport fuels (IEA Bioenergy, 2009; Rowe et al.,
2009).
Willow (Salix spp) short rotation coppice (SRC) is one
of the most widely planted second generation bioenergy
crop in Europe, with the area cultivated expected to
increase greatly by 2050 (Rowe et al., 2009; Don et al.,
2012). Interest in SRC cultivation is also accelerating in
North America due in part to the potential these crops
have to deliver a number of ecosystem services (Volk
et al., 2006; Tyndall et al., 2011; Amichev et al., 2012).
Most research on the ecological impact of willow SRC
has focused on studies of biodiversity (species richness,
diversity and abundance) compared with local alternative land-use options (arable, grassland). For the most
part, SRC seems to have neutral or even positive
impacts on biodiversity (Dauber et al., 2010; Fletcher
et al., 2011). For example, in comparison to arable land,
both plant and arthropod communities become more
species rich, with plant communities exhibiting an
increased representation of perennial species (Cunningham et al., 2004; Rowe et al., 2011). Important changes to
avian communities are also observed with a relative
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increase in species associated with scrub or woodland
habitats (Sage et al., 2006). It must be noted, however,
that although overall diversity and species richness may
be increased, some species such as birds associated with
open farmland may decline in abundance (Sage et al.,
2006) and we have as yet only a limited understanding
of the response of all species groups (Rowe et al., 2009).
Changes in species composition resulting from a
switch from arable crop cultivation to increased SRC
cultivation may have wider repercussions on ecosystem
processes and the provision of ecosystem services. The
putative link between species composition and maintenance of ecosystem processes is widely debated as is
the debate regarding whether species diversity or functional diversity is the main controlling factor in any
relationship observed (Tilman et al., 1997; Hooper et al.,
2005; Tylianakis & Romo, 2010) Understanding these
relationship is, however, central to land management
practice (Bengtsson et al., 2000; ) as well as wider ecological theory. For example, predator diversity may be
important for herbivore pest control (Snyder et al., 2006;
Tylianakis & Romo, 2010), while a diverse pollinator
assemblage also ensures a full pollination service to the
plant community (Menz et al., 2011). Information on the
effects of management on ecosystem processes is consequently necessary to the development of predictive
management models for major land-use change (Bengtsson et al., 2000; Forup et al., 2008).
Unfortunately, the long-standing emphasis on biodiversity patterns rather than ecological processes means
that we have few data with which to accurately assess
how a shift in land-use to BEC plantations might affect
ecosystem service provision in agricultural landscapes
(Werling et al., 2011). In studies of restoration of
degraded land, Forup et al. (2008) showed that ecological processes rather than just species richness and abundance provide a better comparison of restoration
success. The relationship between biodiversity and
ecosystem processes could be particularly important in
willow SRC, where the pressure to maximize its yield
and economic return (Moonen & Barberi, 2008) is balanced by interest in developing ecologically sympathetic
management of SRC plantations for inclusion in agrienvironment schemes (Valentine et al., 2009). Linking
biodiversity change to enhanced ecosystem service provision could provide a mechanism to better synergize
commercial and environmental interests for likely
future increases in SRC cultivation (Sage & Tucker,
1998).
SRC plantations are generally thought to be beneficial for various arthropod species, by virtue of their
relative stability compared to arable systems, and their
impact on plant community composition and structure
(Sage et al., 2006; Landis & Werling, 2010). It has been

suggested that changes to the arthropod community in
SRC plantations have concomitant effects on the ecosystem processes with which these organisms are
involved (Gardiner et al., 2010; Rowe et al., 2011). The
processes of decomposition and predation are, for
example, tightly linked to arthropod species diversity
and are vital for crop productivity and ecosystem stability via their respective influence on biogeochemical
cycling and pest control (H€
attenschwiler et al., 2005;
Ameixa & Kindlmann, 2008; Fountain et al., 2009). A
number of authors have highlighted the potentially
vital role that arthropod predators play in the control
of the many invertebrate herbivores found in poplar
and willow SRC plantations (Sage & Tucker, 1998;
Bj€
orkman et al., 2004). Nonetheless, evidence is lacking
to link the supposed benefits of SRC cultivation to ecosystem service provision. Here we describe a series of
bioassay experiments designed to examined here how
the key ecosystem processes of leaf decomposition and
predation varied between SRC willow plantations and
the most commonly encountered alternative land-use
options: arable and set-aside

Materials and methods
Decomposition assay
Study sites. The study centred on three SRC willow plantations established on former arable fields between 1998 and
2000 in north Nottinghamshire, England. SRC plantations
ranged in size from 5 to 9 ha and consisted of five willow varieties: 30% Tora, an equal proportion (20% each) drawn from
three of Ulv, Olof, Jorunn or Jorr, and a small amount (10%) of
Bowles Hybrid. Each of the three willow SRC plantations were
independent plantations separated by minimum of 1 km. Arable and set-aside fields were selected for their proximity and
similarity (size and shape) to the SRC plantations forming three
sites (experimental blocks) each containing one willow SRC
plantation, one arable field and one set-aside field..At the outset of our decomposition assay, set-aside was mandatory under
the European Union Common Agricultural Policy (CAP).
Given its perceived benefit for farmland biodiversity (Stoate
et al., 2009), it presented an obvious comparative land-use type.
Cereal crops currently represent the highest fraction of arable
land-use in Great Britain (Garthwaite et al., 2011); consequently
our final comparative land-use type was barley (Hordeum vulgare L.). Further site details and selection criteria of the nine
fields used (i.e. three SRC, three set-aside, three barley) can be
found in Rowe et al. (2011).
Experimental treatments. A comparison of decomposition
rates in the three land-use types was performed using
170 mm 9 180 mm litter bags. Half of the bags incorporated
5 mm nylon mesh (White Boots body polishing sponge, Boots
PLC, Nottingham, England), allowing access by most soil

fauna including earthworms (Slapokas
& Granhall, 1991).
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The remaining bags were made from 1 mm nylon mesh (Fabric
world, Southampton, England) to restrict access by soil macrofauna and thus assay the relative importance of soil macrofa
una and microbial/mesofauna (Slapokas
& Granhall, 1991). As
species-specific variation in litter quality can influence decomposition rate (Kazakou et al., 2009), all bags were filled with
nettle (Urtica dioica L.) leaves on the basis that the species was
present at all field sites (Rowe et al., 2011). To ensure consistent
leaf quality, fresh leaves were collected from a single population in Southampton (50°5609″N, 1°24′11″W) by removing them
from the main stem and rejecting damaged or senescing leaves.
The leaves were wilted overnight at room temperature to
reduced sting cell activity before being cut into 2 cm2 segments
to standardize leaf size. Leaf fragments were dried at 60 °C for
24 h to reduce water content. Each litter bag was filled with
2 g of dried leaf material and then sewn closed.
A pair of litter bags of each mesh size was pinned 1 m apart
on the soil surface at each of 10 locations in every field. Five
bag pairs were located in the cultivated area of each field; one
pair at the apex of four transect lines running at 90° from the
field centre and four others located along each transect line at a
distance 35 m from the crop edge. A further five bag pairs
were located in the field margins (headlands). One pair on each
transect and one additional pair in one randomly selected corner of the field. The litter bags were installed in mid July 2007
immediately following barley harvest, and they were left in situ
for four weeks. Extreme care was taken when removing the
bags from the field to avoid any litter loss on removal. In addition, little bags were placed inside individual paper bags to
prevent litter loss during transport to and from the field site.
Upon recovery and opening, any remaining nettle leaf material
was separated from other extraneous plant material before
being dried at 60 °C for 24 h. The fraction of total litter biomass
loss per bag was quantified and arcsine square root transformed prior to analysis of mean biomass loss per field.
All bags in the cultivated area of one of the set-aside fields
were lost when the landowner rotivated the field, and a further
eight bags could not be relocated from the remaining fields.
These losses precluded analysis by split-plot design; instead
we used an unbalanced three-way ANOVA with Type III
adjusted mean squares to examine the effect of mesh size, location (headland or cultivated area) and land-use on mean biomass loss.

Predation
Study sites. The predation assay was conducted in the same
three SRC willow plantations described above. By the start of
the predation experiment (2008), the EU had abandoned its
policy of set-aside provision and all fields given over to setaside in our study area had been returned to arable production.
Consequently, we compared predation rates in willow SRC
with the major alternative land-use option, which was cereals.
Our predation assay was performed on three separate occasions during 2008, in spring (March/April), summer (June/
July) and autumn (Sept/Oct). Two of the cereal fields used contained winter wheat with the remaining field containing barely;
crop cover changed during this period to reflect the natural
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cropping cycle (Table 1). In addition, one of the three willow
SRC plantations was harvested during autumn 2007; thus
ground cover and crop height were greatly reduced. Again,
this harvest is part of the normal management for this crop
and probably had a minimal effect on ground-dwelling arthropod assemblages (Sage & Tucker, 1998).

Experimental treatments–assay experiment. Coleoptera are
one of the most important ground-dwelling arthropod predators in the agri-environment (Lang, 2000; Ameixa & Kindlmann, 2008) and are also abundant in willow SRC plantations
(Sage & Tucker, 1998). The predation assay therefore focused
on this group, although assessments were also undertaken of
the abundance and diversity of other ground-dwelling, predatory arthropods.
Predation pressure was measured with a prey removal
assay, using Drosophila melanogaster Meigen pupae in an exclosure that limited access by birds and small mammals. Diptera
pupae are a common standard for predation studies with Coleoptera and removal rate has been shown to correlate well with
predator abundance (Speight & Lawton, 1976; Lys, 1995). In
comparison to larvae or imagos, pupae are immobile, relatively
long-lived and decay slowly once dead. Laboratory-reared Drosophila pupae were collected after pupation of approximately
90% of the culture. Prior to use, all dead or newly metamorphosed pupae were removed and the remainder killed by
freezing at 20 °C to prevent imago emergence during the
experiment; freezing in this way does not affect predation rates
(Speight & Lawton, 1976).
Drosophila pupae were presented in the field under white
ceramic tiles (150 9 150 9 5 mm; Homebase Ltd, Stafford,
UK), supported 8 mm above-ground by two wooden blocks
(8 mm 9 40 mm 9 8 mm) glued to opposite edges of the tiles
to prevent access by small mammals and birds (Speight & Lawton, 1976; Lys, 1995). Five pupae were placed under each tile on
a 50 mm2 brown felt mat to aid recovery (Menalled et al., 1999).
Nine tiles were positioned within the cultivated area of each
field, one at the junction of four transect lines running at 90°
from the field centre, and two on each transect, at a distance 25
and 50 m into the crop from its outer edge. This design maximized the spread of sample points across the field while aiming
to limit impact upon the crop (Rowe et al., 2011). Pupae were
placed under the tiles at dusk (within 3 h of sunset) and again
at dawn (within 3 h of sunrise), when the number of missing
pupae were noted and then replaced. This process was
repeated for 3 days and the experiment was repeated three
times, during March, August and November 2008.
Pupae removal rates for each field were determined for each
season by calculating the hourly rate of pupae removal for the
periods of dawn to dusk (daytime) and dusk to dawn (nighttime). Hourly removal rate was used to correct for seasonal
variation in day length. Following arcsine transformation, these
data were input as responses in a nested split-plot ANOVA with
fixed factors of ‘Season’ (spring, summer and autumn), ‘Time’
(day and night) and ‘Land-use’ (willow SRC and cereal crop).
The random factors of ‘Field’ nested in ‘Block’ accounted for
the single field of each land-use type in each of three sites. The
ANOVA model is:

1

Arable
(Winter
barely)
Arable
(Winter
wheat)
Arable
(Winter
wheat)

SK670 836

SK805 944

5.80

5.32

11.56

5.75

9.00

7.67

Oct 07

Oct 07

Oct 07

1998

1998

2000

Established/
Drilled

Aug 08

Aug 08

Aug 08

2004

2007

2005

Date of
Harvest

Cut back stools yet to reshoot,
low ground flora 0.05–0.40 m
providing patchy 30%–90%
ground cover
Mature crop 3–4.5 m, with
extensive ground flora
90%–100% cover
Low growth 0.06–0.10 m,
of barely seedlings providing
50%–80% ground cover
Low growth of wheat seedlings
0.10–0.27 m providing 30%–65%
ground cover.
Low growth of young seedlings
0.07–0.20 m providing 25%–45%
ground cover

Mature crop 3–4 m, with extensive
cover of ground flora, >80%

Spring

Mature crop 0.60–0.80 m, providing
60%–90% ground cover

Mature crop 0.60–0.70 m, providing
60%–90% ground cover

Mature crop 0.60–0.70 m, providing
70%–90% ground cover

Mature crop 3–5.5 m, with extensive ground
90%–100% cover

Maturing crop 1–2 m, canopy closure near
complete with extensive ground flora
80%–100% cover

Mature crop 3. 2–5.8 m, with extensive
cover of ground flora, >80%

Summer

Crop Characteristics

Stubble with weeds,
0.09–0.60 m providing
25%–70% ground cover.

Mature crop 4–6.6 m,
with extensive cover
of ground flora 50%–80%
Maturing crop 2–4 m,
with extensive ground
cover flora, but a few bare
patches 10%–90%
Mature crop 4–6 m, with
extensive ground 80%–100%
cover
Stubble with weeds, 4–30 cm
providing 40%–60% ground
cover.
Bare ploughed field

Autumn

Height measurements give maximum and minimum values taken on three randomly selected plants at each of the nine sampling locations in the crop utilized within the predation
assay; cover values give maximum and minimum visual estimates of percentage of ground cover to the nearest 10% over 4 m2 at each location. In the willow sites, additional canopy cover was present and, unless otherwise stated, canopy closure had been achieved in all sites

SK 809 944

3

Willow
SRC

SK790 936

3

2

Willow
SRC

SK667 848

SK800 936

1

Willow
SRC

OS Grid ref

2

Site

Land-use

Size
(ha)

Table 1 Details of field sites used to compare how two key ecosystem processes (decomposition and predation by ground-dwelling arthropods) varied between short-rotation
coppice bioenergy plantations and adjacent arable cropping systems

260 R O W E et al.

© 2013 Blackwell Publishing Ltd, GCB Bioenergy, 5, 257–266

E C O S Y S T E M P R O C E S S E S I N B I O E N E R G Y W I L L O W 261

Y ¼ S3 jT2 jFi’1 ðB’3 jL2 Þ

Model 1

Model 1 where subscripts show the number of factor levels, ‘|’
signifies ‘cross-factored with’ and ‘(’ signifies ‘nested in’ (following the nomenclature of Doncaster & Davey, 2007).

Experimental treatments–Arthropod activity and abundance. Predation rates have been closely related to pitfall trap
catches (Menalled et al., 1999). Pitfall catches were therefore
used to compare the likely predation impact of Coleoptera
between different land-uses. Pitfall traps cannot separate the
independent impacts of behavioural activity and population
density (Menalled et al., 1999; Lang, 2000; Thomas et al., 2006),
and the activity of at least one predatory beetle family (the Carbidae) is influenced by vegetation cover (Thomas et al., 2006), a
factor that varies greatly between SRC and adjacent land-use
types (Rowe et al., 2011). We distinguished between changes in
density and activity by searching directly for beetles to measure predator abundance independently of their activity as estimated from the combined search and pitfall trap data.

Pitfall Traps. One 80 mm diameter pitfall trap filled to 60 mm
with a 1% detergent solution was installed 5 m away on an
axis parallel to the field margin tiles. The separation of 5 m
provides a realistic measure of beetle activity-density without
affecting visits to the pupae (Ward et al., 2001). Trapped arthropods were collected at dawn and dusk alongside exclosure
checks and stored for later identification. To correct for seasonal variation in day length, the number of individuals caught
in pitfall traps was converted to an hourly rate of individuals
trapped from dawn to dusk (daytime) and dusk to dawn
(night-time).

Direct Searches. We undertook hand searches using a metal
frame (300 mm 9 300 mm 9 300 mm) forced into the soil surface 5 m away from each tile. Surface vegetation inside the
frame was visually searched for predatory arthropods (which

Table 2 Comparison of leaf decomposition rates between
land-use types of willow short rotation coppice, arable fields
and set-aside fields. Mean biomass loss of Urtica dioica leaves
in relation to land-use type, field location (headland vs. cultivated area) and litter bag mesh size (1 or 5 mm) was compared
using three-way ANOVA with type III adjusted MS. P < 0.05
denoted in bold type
Factor

DF

MS

F

P

Land-use
Location
Mesh size
Land-use 9 Location
Land-use 9 Mesh size
Location 9 Mesh size
Land-use 9 Location 9 Mesh size
Residual Error

2
1
1
2
2
1
2
22

281.08
12.91
391.77
13.11
60.68
60.95
13.06
63.81

4.40
0.20
6.13
0.21
0.95
0.95
0.20

0.025
0.657
0.021
0.816
0.402
0.339
0.817
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were retained) before all soil to a depth of 50 mm was
removed, bagged and chilled (~4 °C) for later analysis. Soil was
then hand sorted in laboratory and all predatory invertebrates
retained, together with all Coleoptera and Hemiptera (excluding aphids) as their identification to family-level could only be
confirmed on preserved specimens with magnification.
The direct searches provided a measure of ground-dwelling
predatory arthropod abundance. Activity was then defined as
the relative number of captures per individual, given by dividing the number of individuals per search into the number of
individuals per pitfall trap.
Coleoptera abundance data were square root transformed,
and input as responses in a split-plot nested ANOVA with fixed
factors of ‘Family’ (Carabids and Staphylinids), ‘Season’
(spring, summer and autumn) and Land-use (willow SRC and
cereal crops). The random factors of ‘Field’ nested in ‘Block’
accounted for the single field of each land-use type in each of
three sites. The model used is:
Y ¼ F2 jS3 jFi’1 ðB’3 jL2 Þ

Model 2

Activity-density of the most abundant Coleoptera families for
each field was determined for each season. Following square
root transformation, these data were input as responses in a
nested split-plot of the above design augmented by an extra
fixed cross-factor of ‘Time’ (day and night). The ANOVA model is:
Y ¼ F2 jS3 jT2 jFi’1 ðB’3 jL2 Þ

Model 3

In all split-plot models, post hoc testing of significant effects
amongst three-level factors was performed using orthogonal contrasts with family-wise adjustment of a (Doncaster &
Davey, 2007).

Results
Decomposition assay
Urtica leaf biomass loss varied greatly according to
land-use type (Table 2); post hoc S-N-K tests revealed
that leaf decomposition in the cereal crops was much
reduced in comparison with that recorded in set-aside
or willow SRC (Fig 1). Decomposition was not influenced by the location of litter bags in field headlands or
cultivated areas, but did vary according to mesh size,
with consistently more biomass loss in the 5 mm mesh
bags (Table 2).

Predation assay
Overall, 2.2%  0.31% and 2.4%  0.30% of the available Drosophila pupae were removed per hour in the
willow SRC and cereal crops respectively (total over the
total time period 29% of all the pupae provided). Predation rate did not vary with Land-Use (cereal vs. SRC) or
Time (day vs. night); it did depend on Season
(F2,20 = 28.84, P = 0.001), increasing by over twofold in
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(a)

(b)

Fig. 1 Mean  SE fractional loss of biomass for Urtica dioica leaves held in 1 and 5 mm litter bags for 4 weeks. (a) Variation between
willow short rotation coppice plantations, arable (recently harvested barley) and set-aside fields; lower-case letters above bars identify
the significant difference between treatment means in a post hoc S-N-K test at P < 0.05 following three-way ANOVA. (b) Variation by
mesh size (P < 0.05).

Fig. 2 Mean  SE abundance of predatory arthropods (not
including Carabid and Staphylinid beetles, see Fig 3) recovered
from soil samples (0.3 m 9 0.3 m 9 0.05 m) taken from cereal
and willow short rotation coppice crops. Bars are divided to
show relative abundance of families or grouped families in the
case of rarer families.

summer, without interactions with any other treatment
factors (ANOVA table in S1).

Arthropod abundance and activity
Beetles were by far the most common predatory arthropods encountered in pitfall trap and hand search samples (59% of all predatory arthropods), with the
majority of species belonging to the Staphylinidae and
Carabidae. The next most common arthropods were

spiders (25%) and Chilopoda (6%). Although none of
these other predatory families was present in sufficient
numbers for individual statistical analysis, we found
that the overall abundance of noncoleoptera estimated
from hand-sorted soil samples of predatory arthropods
was more than three times higher in willow SRC than
in cereal crops (Fig. 2, F1,2 = 20.41 P = 0.046, full ANOVA
table in S2).
To allow comparison with the predation assay, Staphylinids and Carabids were analysed together for their
activity-density, abundance and activity, because these
are the most likely predators of fly pupae (Lewis, 1964;
Lys, 1995; Menalled et al., 1999). The addition of ‘Family’
as a treatment factor nevertheless allowed for possible
differences in the response of Staphylinids and Carabids
to land-use or other treatments (identified from significant interactions with Family). The pitfall catches, estimating combined activity-density of Staphylinids and
Carabids, were similar across the land-uses (F1, 2 = 2.68
P = 0.243), as was activity and abundance (see S3 for full
ANOVA table). Staphylinid abundance however, was
higher in willow SRC compared to cereals, while Carabid abundance was unaffected by crop type (Fig. 3a,
Family 9 Land-use F1,20 = 5.51 P = 0.029). The activity
of the beetle families also varied with land-use (Family 9 Land-use F1,44 = 6.14 P = 0.017), with Carabids
being more active in cereals than willow SRC (Fig. 3b).
The increased abundance of Staphylinids, and lower
activity of Carabids in willow SRC was also reflected
within the pitfall catches (Fig. 3c, Family 9 Land-use
F1,44 = 9.30 P = 0.004).
Although the absence of main effect of land-use in
the pitfall trap data is consistent with the results of the
pupae removal assay, test for a correlation between the
two factors showed no detectable relationship
(F1,8 = 0.18, P = 0.686, tested by adding the pitfall data
as a predictor variable in model 1).
© 2013 Blackwell Publishing Ltd, GCB Bioenergy, 5, 257–266
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(a)

(b)

(c)

Fig. 3 (a) Mean  SE abundance of Staphylinids (triangles) and Carabids (open circles), given by mean number of individuals per
0.3 m 9 0.3 m 9 0.05 m soil sample; (b) activity given by mean number of individuals per hour per pitfall/mean number of individuals per soil sample; and (c) pitfall captures given by mean number of individuals trapped per hour per pitfall trap.

Spatio-temporal variation
Coleoptera activity-density was lowest in the spring, rising in the summer and autumn (F2,44 = 19.02, P = 0.001,
detailed in S3), with mean captures per hour of
0.02  0.009 in spring, 0.18  0.052 in summer and
0.142  0.01 in autumn. In both cereal crops and willow
SRC, the increase in activity-density followed increases
in abundance from a mean number of individuals per
unit area of soil sample of 0.45  0.11 in spring to
3.15  0.87 in summer and 5.10  0.76 in autumn
(F2,20 = 22.23, P = 0.001). The number of individuals
trapped in pitfalls also varied with time of day
(F1,44 = 5.24, P = 0.027). More beetles were captured
during the night than during the day (respectively,
0.15  0.01 and 0.08  0.02 individuals trap1 h1).

Discussion
In the USA alone, the annual economic value of arthropod-mediated ecosystem services for crop production has been estimated at $13 billion (Losey &
Vaughan, 2006). Clearly therefore, any contribution that
BECs can make to maintaining or increasing invertebrate biodiversity in the agri-environment is an addi© 2013 Blackwell Publishing Ltd, GCB Bioenergy, 5, 257–266

tional environmental benefit to any contribution to
reductions in global CO2 emissions. A number of studies have demonstrated a relatively positive role of BEC
plantations for arthropod biodiversity; effects are most
often associated with the increased habitat stability and
floral diversity compared to arable fields (Gardiner
et al., 2010; Rowe et al., 2011). To date, however, few
authors have gone beyond speculation that changes in
biodiversity patterns have any impact on ecosystem
processes (Werling et al., 2011). In this study, we explicitly examine how BEC cultivation affects two aspects of
ecosystem service provision. We show that decomposition rates in SRC plantations increased in comparison
with conventionally farmed arable crops, but that predation rates by ground-dwelling beetles were broadly
comparable between SRC and arable.
We found higher litter loss in willow SRC and setaside than in cereals. Previous studies have shown that
soil faunal abundance and microbial activity can be
reduced by the tillage, pesticide use and lower biomass
input associated with arable cropping systems when
compared with set-aside (Curry et al., 2002; Minor &
Cianciolo, 2007). Makeschin (1994) also reports that
willow SRC plantations support higher numbers of
earthworms and woodlice than arable systems and that
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SRC plantations generally have higher microbial biomass and soil faunal diversity than arable soils. Consequently, although not quantified here, it is likely that
increased decomposition within willow SRC was associated with a higher abundance and/or activity of the
soil decomposer community. Any increase in the abundance or activity of the soil decomposer organisms in
SRC could have important benefits for ecosystem function and service provision. Soil structure and stability
are closely linked to decomposer activity, particularly
earthworms (Lavelle et al., 2006). An abundant and
diverse soil fauna also represents an invaluable food
source for above-ground predators such as beetles and
Linyphiid spiders (Birkhofer et al., 2008; Hartwood
et al.,2009), the two most common predatory arthropods found in this study. Higher soil fauna activity
could therefore aid in provision of a number of ecosystem services.
Although a number of previous studies (Speight &
Lawton, 1976; Lys, 1995; Menalled et al., 1999) report a
positive correlation between catches in pitfall trap and
removal of prey items, like Fountain et al., 2009; Ameixa
& Kindlmann, 2008; we found no such relationship.
Direct comparison between studies is difficult due to
different methodologies; however, predation rates in
our study appear to be lower than that reported by
Speight & Lawton (1976) where 25 Drosophila pupae
presented in a single location were removed in 24 h.
Predation rates were also higher in the study by Lys
(1995) where 58% of the pupae presented were attacked
(in this case, individual pupa were presented at 64 different sampling points and checked on an hourly basis)
Our analyses of prey removal and predatory beetle
activity-density also failed to detect a main effect of
land-use, most likely reflecting the contrast between
high abundance of Staphylinids in willow SRC and high
activity of Carabids in cereal crops. Increases in Staphylinid abundance and diversity have been reported,
respectively, in orchards (Balog et al., 2009) and fallow
land (Dauber et al., 2005) compared to arable. These
observations are generally linked to the reduced light
levels, favourable microclimate and more diverse food
resources provided by increased ground flora in the former habitats (Dauber et al., 2005; Balog et al., 2009).
These characteristics are shared by Willow SRC which
often supports high weed cover and invertebrate diversity (Rowe et al., 2009, 2011).
While Staphylinidae were more abundant in SRC
compared to arable, Carabidae were more active in arable vs. SRC. The net result of the differences in abundance and activity of these two beetle families was that
predation rates did not differ between habitats. Carabid
activity is influenced by a number of factors including
humidity, vegetation complexity and hunger (Lovei &

Sunderland, 1996; Thomas et al., 2006). Carabidae may
have found it easier to move through the less complex
ground cover within the arable field. Hunger may also
have been an influence, as the similar levels of predation between the land-uses suggest that the higher activity levels were associated with consumption of the prey
items. The structural diversity and composition of the
willow SRC crop may have increased the abundance of
potential food items for predators (Sage & Tucker, 1998;
Sage, 2008). In addition, the pupae of leaf beetles (Latin
binomial), one of the main pest species in willow SRC,
are found at the soil surface in willow SRC and are
highly acceptable to the ground beetle Pterositichus niger
(Sage & Tucker, 1998).
Although predation rates did not vary detectably
between SRC and cereal crops, we found over three
times more arthropod predators in SRC. The SRC
arthropod community was also more diverse including
taxa such as harvestmen (Opiliones), a large number of
Lithobiomophid centipedes and many other spiders
(‘Other Arenae’) not captured in cereals. Experiments
using alternative types of prey items not favoured by
predatory beetles might reveal differences in predation
rates between habitats. Thus, despite the lack of any
obvious land-use effect within this study, the increased
predator diversity in willow SRC may yet have a positive role in pest control, although this would depend
on whether, predatory species have complementary
functional roles (Snyder et al., 2006; Tylianakis &
Romo, 2010). There may also be positive effects on pest
control within the wider landscape. In a recent study
in the US, Werling et al., 2011 reported a positive link
between perennial bioenergy grass cultivation and
landscape-scale predation of the eggs of corn-ear
worms (Heliothis zea). The authors suggest that this was
due to the high predator abundance in the bioenergy
crops acting as a source of predatory species for the
adjacent agricultural crops (Werling et al., 2011). It is
possible that willow SRC could provide a similar
source of predators within the agri-environment, and
certainly the potential for predator spill-over from SRC
crops into adjacent arable crops seems worthy of further attention.
We show that SRC willow plantations can benefit
certain aspects of biodiversity in the agri-environment,
and for decomposition at least, our results suggest that
at least one key ecosystem service could be enhanced
by SRC cultivation. These findings support the notion
that willow SRC crops may benefit the environment
compared to intensive arable land-use systems (Sage &
Tucker, 1998; Sage et al., 2006; Valentine et al., 2009),
and they add weight to the argument that willow SRC
should be considered for inclusion within Agri Environment Schemes (Sage et al., 2006; Valentine et al.,
© 2013 Blackwell Publishing Ltd, GCB Bioenergy, 5, 257–266
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2009). Indeed, the strategic planning and planting of
second generation bioenergy crops across the arable
landscape could be used to bolster biodiversity and
enhance ecosystem service provision in and around
bioenergy plantations, with potential benefits to neighbouring crop yields. To test the validity of these ideas,
further research needs to focus not only on the immediate biodiversity in and around BEC plantations but
also on determining whether increased biodiversity
delivers enhanced ecosystem service provision at the
crop and landscape scale.

Acknowledgements
We thank Dave Barrett, Russell Fraser and Fred Walter (Coppice Resource Ltd), for access to field sites. Linda Gregory of
the British Arachnological Society helped with spider identification. This project was funded as part of the UK Natural Environment Research Council (NERC) ‘Towards a Sustainable
Energy Economy Programme’ with a grant to GT (NE/
C516295/1) and a PhD studentship (NER/S/J/2006/13 984)
award to MEH, GT and DG.

References
Ameixa O, Kindlmann P (2008) Agricultural policy-induced landscape changes:
effects on carabid abundance and their biocontrol potential. European Journal of
Entomology, 105, 467–476.
Amichev BY, Kurz WA, Smyth C, van Rees KCJ (2012) The carbon implications of
large-scale afforestation of agriculturally marginal land with short-rotation willow in Saskatchewan. Global Change Biology: Bioenergy, 4, 70–87.
Balog A, Mark
o V, Imre A (2009) Farming system and habitat structure effects on
rove beetles (Coleoptera: Staphylinidae) assembly in Central European apple and
pear orchards. Biologia, 64, 343–349.
Bengtsson J, Nilsson SG, Franc A, Menozzi P (2000) Biodiversity, disturbances,
ecosystem function and management of European forests. Forest Ecology and
Management, 132, 39–50.
Birkhofer K, Bezemer TM, Bloem J et al. (2008) Long-term organic farming fosters
below and aboveground biota: Implications for soil quality, biological control and
productivity. Soil Biology and Biochemistry, 40, 2297–2308.
Bj€
orkman C, Bommarco R, Eklund K, H€
oglund S (2004) Harvesting disrupts biological control of herbivores in a short-rotation coppice system. Ecological Applications,
14, 1624–1633.
Cunningham MD, Bishop JD, Mckay HV, Sage RB(2004) ARBRE monitoring-ecology
of short rotation coppice. The Game Conservancy Trust report for DTI, DTI
publication URN 04/1079.
Curry JP, Byrne D, Schmidt O (2002) Intensive cultivation can drastically reduce
earthworm populations in arable land. European Journal of Soil Biology, 38, 127–130.
Danielsen F, Beukema H, Burgess ND et al. (2009) Biofuel plantations on forested
lands: double jeopardy for biodiversity and climate. Conservation Biology, 23, 348–
358.
Dauber J, Purtauf T, Allapach A, Frisch J, Voigtl€ander K, Volkmar W (2005) Local
vs. landscape control on diversity: a test using surface-dwelling soil macroinvertebrates of differing mobility. Global Ecology and Biogeography, 14, 213–221.
Dauber J, Jones MB, Stout JC (2010) The impact of biomass crop cultivation on temperate biodiversity. Global Change Biology: Bioenergy, 2, 289–309.
Don A, Osborne B, Hastings A, Skiba U et al. (2012) Land-use change to bioenergy
production in Europe: implications for the greenhouse gas balance and soil carbon, Global Change Biology: Bioenergy, 4, 372–391, doi:10.1111/j.1757-1707.2011.
01116.x.
Doncaster CP, Davey AJH (2007) Analysis of variance and covariance: how to choose and
construct models for the life sciences. Cambridge University Press, Cambridge,
ISBN-13: 9780521684477.
Fargione JE, Plevin RJ, Hill JD (2010) The ecological impact of biofuels. Annual
Review of Ecology, Evolution and Systematics, 41, 351–377.

© 2013 Blackwell Publishing Ltd, GCB Bioenergy, 5, 257–266

Fayle TM, Turner EC, Snaddon JL, Chey VK, Chung AYC, Eggleton P, Foster WA
(2010) Oil palm expansion into rain forest greatly reduces ant biodiversity in canopy, epiphytes and leaf-litter. Basic and Applied Ecology, 11, 337–345.
Fletcher RJ, Robertson BA, Evans J, Doran PJ, Alavalapati JRR, Schemske DW (2011)
Biodiversity conservation in the era of biofuels: risks and opportunities. Frontiers
in Ecology and the Environment, 9, 161–168.
Forup ML, Henson KSE, Craze PG, Memmott J (2008) The restoration of ecological
interactions: plant-pollinator networks on ancient and restored heathland. Journal
of Applied Ecology, 45, 742–752.
Fountain MT, Thomas RS, Brown VK, Gange AC, Murray PJ, Symondson WOC
(2009) Effects on nutrient and insecticide treatments on invertebrate numbers and
predation on slugs in an upland grassland: a monoclonal antibody-based
approach. Agriculture, Ecosystems and Environment, 131, 145–153.
Gardiner MA, Tuell JK, Isaacs R, Gibbs J, Ascher JS, Landis DA (2010) Implications
of three biofuel crops for beneficial arthropods in agricultural landscapes. Bioenergy Research, 3, 6–19.
Garthwaite DG, Barker I, Parrish G, Smith L, Chippindale C, Pietravalle S (2011)
Pesticide usage survey report 235, Arable crops in Great Britain 2010. DEFRA,
SEERAD. Available at: http://www.fera.defra.gov.uk/plants/pesticideUsage/
documents/arable2006.pdf (accessed 10 December 2012)
Hartwood JD, Phillips SW, Lello J et al. (2009) Invertebrate biodiversity affects
predator fitness and hence potential to control pests in crops. Biological Control,
51, 499–506.
H€attenschwiler S, Tiunov AV, Scheu S (2005) Biodiversity and litter decomposition
in terrestrial ecosystems. Annual Review of Ecology, Evolution, and Systematics, 36,
191–218.
Hooper DU, Chapin FS, Ewel JJ et al. (2005) Effects of biodiversity on ecosystem
functioning: a consensus of current knowledge. Ecological Monographs, 75,
3–35.
IEA Bioenergy (2009) Bioenergy-A sustainable and reliable energy source: a review
of status and prospects, report for IEA. Available at: http://www.ieabioenergy.
com/LibItem.aspx?id=6479 (accessed 1 December 2012).
Kazakou E, Violle C, Roumet C, Pintor C, Gimenez O, Garnier E (2009) Litter quality
and decomposability of species from a Mediterranean succession depend on leaf
traits but not on nitrogen supply. Annals of Botany, 104, 1151–1161.
Landis DA, Werling BP (2010) Arthropods and biofuel production systems in North
America. Insect Science, 17, 220–236.
Lang A (2000) The pitfalls of pitfalls: a comparison of pitfall traps catches and absolute density estimates of epigeal invertebrates predators in arable land. Anzeiger
f€
ur Sch€alingskunde, 73, 99–106.
Lavelle P, Decaens T, Aubert M et al. (2006) Soil invertebrates and ecosystem
services. European Journal of Soil Biology, 42, S3–S15.
Lewis JGE (1964) The food and reproductive cycles of the centipedes lithobius
Variegatus and Lithobius Forficatus in Yorkshire woodland. Journal of Zoology, 144,
269–284.
Losey JE, Vaughan M (2006) The economic value of ecological services provided by
insects. BioScience, 56, 311–323.
Lovei GL, Sunderland KD (1996) Ecology and behaviour of ground beetles (Coleoptera: Carabidae). Annual Review of Entomology, 41, 231–256.
Lys JA (1995) Observation of epigeic predators and predation on artificial prey in a
cereal field. Entomologia Experimentalis et Applicata, 75, 265–272.
Makeschin F (1994) Effects of energy forestry on soils. Biomass and Bioenergy, 6, 63
–79.
Meehan TD, Hurlbert AH, Gratton C (2010) Bird communities in future bioenergy
landscapes of the upper midwest. Proceedings of the National Academy of Sciences
USA, 107, 18533–18538.
Menalled FD, Lee JC, Landis DA (1999) Manipulating carabid beetle abundance
alters prey removal rates in corn fields. BioControl, 43, 441–456.
Menz MHM, Phillips RD, Winfree R, Kremen C, Aizen MA, Johnson SD, Dixon KW
(2011) Reconnecting plants and pollinators: challenges in the restoration of
pollination mutualisms. Trends in Plant Science, 16, 4–12.
Minor MA, Cianciolo JM (2007) Diversity of soil mites (Acari: Oribatida, Mesostigmata) along a gradient of land use types in New York. Applied Soil Ecology, 35,
140–153.
Moonen AC, Barberi P (2008) Functional biodiversity: an agroecosystem approach.
Agriculture, Ecosystems & Environment, 127, 7–21.
Rowe RL, Street N, Taylor G (2009) Indentifying potential environmental impacts of
large-scale deployment of dedicated bioenergy crops in the UK. Renewable and
Sustainable Energy Reviews, 13, 271–290.
Rowe RL, Hanley ME, Goulson D, Clarke D, Doncaster CP, Taylor G (2011) Potential
benefits of commercial willow short rotation coppice (SRC) for farm-scale plant

266 R O W E et al.
and invertebrate communities in the agri-environment. Biomass and Bioenergy, 35,
325–336.

ystwyth University Report of the Helyg i Gymru / Willow for Wales 2004-2008
project.

Sage RB (2008) High invertebrate biodiversity in willow short rotation coppice
can be protected when controlling chrysomelid pest by using a spatially
targeted insecticide application. Proceeding of the crop protection in Northern
Britain. 33–38
Sage RB, Tucker K (1998) Integrated crop management of SRC plantation to
maximise crop value, wildlife benefits and other added value opportunities. The
Game Conservancy Trust report for DTI. DTI publication ETSU B/W2/00400.

Volk TA, Abrahamson LP, Nowak CA, Smart LB, Tharakan PJ, Whitea EH (2006)
The development of short-rotation willow in the northeastern United States for
bioenergy and bioproducts, agroforestry and phytoremediation. Biomass and
Bioenergy, 30, 715–727.
Ward D, New T, Yen A (2001) Effects of pitfall trap spacing on the abundance, richness
and composition of invertebrate catches. Journal of Insect Conservation, 5, 47–53.
Werling BP, Meehan TD, Robertson BA, Gratton C, Landis DA (2011) Biocontrol

Sage RB, Cunningham MD, Boatman N (2006) Birds in willow short-rotation coppice
compared to other arable crops in central England and a review of bird census
data from energy crops in the UK. Ibis, 148, 184–197.

Slapokas
T, Granhall U (1991) Decomposition of willow-leaf litter in a short-rotation
forest in relation to fungal colonization and palatability for earthworms. Biology
and Fertility of Soils, 10, 241–248.

potential varies with changes in biofuel-crop plant communities and landscape
perenniality. Global Change Bioenergy: Biology, 3, 347–356.

Snyder WE, Snyder GB, Finke DL, Straub CS (2006) Predator biodiversity strengthens herbivore suppression. Ecology Letters, 9, 789–796.
Speight MR, Lawton JH (1976) The influence of weed-cover on mortality imposed
on artificial prey by predatory ground beetles in cereal fields. Oecologia, 23,
211–233.
Stoate C, Baldi A, Beja P et al. (2009) Ecological impacts of early 21st century
agricultural change in Europe—a review. Journal of Environmental Management,
91, 22–46.
Thomas CFG, Brown NJ, Kendall DA (2006) Carabid movement and vegetation
density: implications for interpreting pitfall trap data from split-field trials.
Agriculture, Ecosystems & Environment, 113, 51–61.
Tilman D, Knops J, Wedin D, Reich P, Ritchie M, Siemann E (1997) The influence of
functional diversity and composition on ecosystem processes. Science, 277, 1300–
1302.
Tylianakis JM, Romo CM (2010) Natural enemy diversity and biological control:
making sense of the context-dependency. Basic and Applied Ecology, 11, 657–668.
Tyndall JC, Schulte LA, Hall RB, Grubh KR (2011) Woody biomass in the U.S.
cornbelt? constraints and opportunities in the supply. Biomass and Bioenergy, 35,
1561–1571.
Valentine J, Duller CJ, Hinton-Jones M et al. (2009) The development of sustainable

Supporting Information
Additional Supporting Information may be found in the
online varsion of this article:
Table S1. Split plot ANOVA on Drosophila pupae removal
rates per hour by predatory arthropods in willow short
rotation coppice plantations and cereal crops.
Table S2. Split plot ANOVA comparing abundance of noncoleopteran predatory invertebrates in willow short rotation
coppice and cereal crops. Staphylinid and carabid beetles
were analysed separately.
Table S3. Split plot ANOVA comparing pitfall catches, abundance and activity of Coleoptera in the willow short rotation coppice and the cereal crops (main-text ANOVA models
2 and model 3).

heat and power fuelled by biomass from short rotation coppice in Wales. Aber-

© 2013 Blackwell Publishing Ltd, GCB Bioenergy, 5, 257–266

